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Various latest experiments have proven the theoretical prediction that domain walls in planar 
magnetic structures can channel spin waves as outstanding magnonic waveguides, establishing a 
superb platform for building magnonic devices. Recently, three-dimensional nanomagnetism has 
been boosted up and become a significant branch of magnetism, because three-dimensional magnetic 
structures expose a lot of emerging physics hidden behind planar ones and will inevitably provide 
broader room for device engineering. Skyrmions and antiSkyrmions, as natural three-dimensional 
magnetic configurations, are not considered yet in the context of spin-wave channeling and steering. 
Here, we show that skyrmion tubes can act as nonplanar magnonic waveguides if excited suitably. 
An isolated skyrmion tube in a magnetic nanoprism induces spatially separate internal and edge 
channels of spin waves; the internal channel has a narrower energy gap, compared to the edge 
channel, and accordingly can transmit signals at lower frequencies. Additionally, we verify that those 
spin-wave beams along magnetic nanoprism are restricted to the regions of potential wells. 
Transmission of spin-wave signals in such waveguides results from the coherent propagation of 
locally driven eigenmodes of skyrmions, i.e., the breathing and rotational modes. Finally, we find 
that spin waves along the internal channels are less susceptible to magnetic field than those along the 
edge channels. Our work will open a new arena for spin-wave manipulation and help bridge 
skyrmionics and magnonics. 
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Magnonic devices hold great promise to complement or even outperform conventional electronic 
devices in beyond-CMOS era (1-4), especially when implementing non-Boolean computations (5) 
for special tasks, e.g., pattern recognition (6,7). The benefits offered by magnonic devices crucially 
rely on a key building block — magnonic waveguides, which govern the propagation of spin-wave 
signals (3,4). Recently, magnetic domain walls were theoretically proposed as magnonic waveguides 
(8,9); this idea has been verified by myriad latest experiments (10,11), establishing a prominent 
platform for constructing magnonic devices (12,13). Meanwhile, three-dimensional (3D) 
nanomagnetism has been actively pursued and become an important direction in magnetism (14). On 
the one hand, a lot of emergent physics in the frame of 3D nanomagnetism has been identified, e.g., 
the motion of domain walls in nanotubes and circular nanowires can avoid undergoing any instability 
such as the Walker breakdown (15); on the other hand, 3D nanomagnetism will enrich the toolset for 
device engineering (16). The widely used 3D NAND flash memories in present-day adopt a stack 
structure of planar elements (4). In fact, in the pioneering work of domain-wall racetrack memory, 
Parkin et al. have conceived a nonplanar version of that memory to realize an ultrahigh storage 
density by making use of the third dimension (17). 
Magnetic skyrmions provide the benefit to utilize the third dimension, since, in several material 
systems, they appear in the form of tubes aligned perpendicular to plane (18-23). During the past few 
years, studies on magnetic skyrmions mainly focused on exploring a wealth of properties of 
skyrmions in bulk crystals and thin plates of chiral magnets as well as ultrathin magnetic multilayers 
(24-26), and on developing a variety of related devices that use skyrmions as information carriers 
(26-29). However, no research has attempted to exploit the possibility to employ skyrmions as 
delivery channels of signals. In our view, magnetic skyrmions are good magnonic waveguides, 
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allowing for construction of advanced nonplanar magnonic devices. 
Oscillation of local magnetic moments can travel and thereby produce spin waves in a magnet, if 
the temporal and spatial structure of local magnetic excitations match the relevant parameters of 
magnetic system. The ability of magnetic domain walls to act as magnonic waveguides originates 
from the coherent propagation of locally excited Winter modes of domain walls (8). A domain wall 
creates a potential well, which guides spin waves along the domain wall (9). Similarly, the 
eigenexcitations of a magnetic skyrmion include breathing and rotational modes (30). Under suitable 
conditions, coherent transmission of locally excited breathing and rotational modes should be 
possible via the generation of propagating spin waves along a skyrmion tube. In this way, a skyrmion 
tube becomes a magnonic waveguide. 
In this work, we examine the excitation and transmission of spin waves in a magnetic square 
nanoprism containing the spin configuration of a skyrmion tube and compare it to the single-domain 
case. The magnon dispersion relations reveal that traveling spin waves exist in the magnetic square 
prism, irrespective of the spin configuration. However, when the prism hosts a skyrmion tube, an 
extra dispersion branch appears that has an ultralow energy gap. A Fourier analysis of the dynamic 
magnetization over the entire space, identifies the emergent dispersion branch, as a spin-wave mode 
that is transversely restricted to an area around the core of the skyrmion tube, but propagates along 
the axis of the tube. Namely, the magnetic square prism containing a skyrmion tube becomes a 
self-organized magnonic waveguide with an internal channel, resembling an optic fiber (31). 
Furthermore, it is seen that spin waves propagating along the internal channel are less sensitive to a 
variation in the applied field than those travelling along the edge channel. Our results mark a new 
direction for technological applications of magnetic skyrmions in magnonics. 
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Our goal is to determine the wave-guiding characteristics of magnetic skyrmion tubes. In order to 
make the computations easily accessible, we chose a square prism with width w = 100 nm and length 
l = 500 nm which can accommodate an isolated skyrmion tube. A sketch of our studied sample is 
shown in Fig. 1, and the structure can support various magnetization states, depending on material 
parameters and magnetic history. The type of the skyrmion, i.e., Skyrmion or antiSkyrmion 
(Skyrmions and antiSkyrmions are jointly called skyrmions. Skyrmions have topological charge Q = 
1, while antiSkyrmions refer to textures with Q = -1) existing in the prism relies on the property of 
Dzyaloshinskii-Moriya interaction (DMI) (32,33), which is, in turn, determined by the crystal 
symmetry of magnetic materials (34). Figs. 1(a) and 1(b) illustrate configurations consisting of an 
antiSkyrmion tube and a quasiuniform single-domain state in a sample with D2d-type DMI 
(23,35,36). Figs. 1(c) and 1(d) show the Skyrmion tube and quasiuniform single domain in a sample 
with bulk-type DMI (18,35,36). Also a top view of the spin configurations across all the 
cross-sectional planes is shown. It is worth noting that our simulated skyrmion’s structure replicates 
the surface reconstruction of skyrmions that was viewed as a universal phenomenon arising from the 
broken translational symmetry at an interface (37). Fig. 1(e) depicts the spatial profile S(x, y) of the 
time dependent excitation field h(x, y; t) used for the local injection of magnons. 
We performed micromagnetic simulations to track the dynamics of magnetic moments in the prism. 
A local excitation is created by an embedded antenna (c.f. supplementary Fig. S1), and the 
magnetization dynamics is described by the modified Landau-Lifshitz-Gilbert equations including 
DMI, 
∂tm = γ(m × Heff) + α(m × ∂tm), 
where m = M/Ms is a space and time dependent unit vector representing the magnetization M = M(x, 
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y, z; t) normalized by its saturation value Ms, and Heff =  (1/μ0)δE/δM is the effective field with μ0 
denoting the vacuum permeability. The total energy E = Ed + Ex + Eu + EDM + EZ is the sum of 
magnetostatic, exchange, anisotropy, DMI and Zeeman energy terms. 
The open-source code OOMMF (38) was used to carry out all the simulations. We searched for the 
equilibrium magnetization states of the prism by relaxing it from a numerically conjectured 
skyrmion-like state over a range of values of Hbias (the static biasing field, always along +z), Ku (the 
perpendicular magnetocrystalline anisotropy), and D (the DMI strength), and identified the 
parameter window in which a single skyrmion tube can exist as a (meta)stable spin configuration. 
Three sets of simulations were made to investigate the dependence of equilibrium spin configuration 
on material parameters. In each simulation set, one of the three quantities D, Ku, and Hbias is chosen 
to be free, while the others stay fixed. Here, we specially chose a shorter prism with a size of 
100×100×100 nm3 and discretized it using 1×1×1 nm3 cells for better numerical accuracy. In each 
individual calculation, we start from a skyrmion-like spin texture in the prism and then let the entire 
system freely relax, till a specified stopping criterion, i.e., max{|m×(Heff×m)|} = 0.01 A/m, is met. It 
is seen that a single skyrmion tube can exist in the prism at equilibrium over a broad interval in the 
parameter space. 
In dynamic simulations, we did not directly include an antenna, but simply adopted an excitation 
field with a spatial profile as specified in Fig. 1(e), to mimic the real field arising from an antenna 
(39). The prism was divided into a regular array of meshes of 2×2×2 nm3 to attain a tradeoff between 
computation speed and numerical accuracy. The Gilbert damping was set to α = 0.01 (40) throughout 
the prism except at the absorbing boundary region, where its value is enhanced to 0.5 or higher (41). 
For a given type of DMI, the considered magnetic background for the magnons is either a single 
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skyrmion-tube or a quasiuniform single-domain state. The excitation field h(x, y; t) = H0ꞏS(x, y)ꞏP(t), 
is applied locally to the middle cross-sectional plane of the prism, and has a spatial profile S(x, y) = 
(xêx+yêy)/ x2 + y2 [c.f. Fig. 1(e)] with a temporal profile P(t) = sin[2πfc(t-t0)]/[2πfc(t-t0)], where H0 = 
20 kOe and fc = 200 GHz are the amplitude and cutoff frequency of the sinc field, respectively. To 
derive magnon dispersion relations and mode patterns, we evaluated the magnetization M(x, y, z; t) 
of the prism every ΔT = 2.475 ps within a fixed duration after excitation, leading to the excitation 
frequency bandwidth fl = 1/(2ΔT) = 202.0 GHz, so that the condition fc < fl to prevent aliasing is 
satisfied (42). The time sequence of magnetization was analyzed via Fourier transform with the 
SEMARGL software following the procedure described in Ref. (42). The static magnetic background 
was subtracted from the transient states and thus did not enter the frequency-domain analyses. 
The presented results are based on the following material parameters, unless otherwise specified: 
saturation magnetization Ms = 445 kAm-1, exchange stiffness A = 120 pJm-1, uniaxial anisotropy 
constant Ku = 0.3 MJm-3, DMI constant D = 6.0 mJm-2, and bias field Hbias = 5 kOe. These 
parameters correspond to the experimental values reported for the inverse-Heusler compound 
Mn-Pt-Sn (23), and define two length scales: the exchange length Λ = 2A/μ0Ms2 ≈ 31.1 nm (the 
maximum length at which the short-range exchange interaction can maintain a uniform 
magnetization) and the domain wall thickness δ = A/Ku ≈ 20.0 nm. For both static and dynamic 
simulations, the used mesh size is much smaller than the size of the magnetic features in order to 
prevent numerical artefacts (43). 
To clarify the wave-guiding characteristics, we inspect the magnon dispersion along five separate 
straight lines (marked as 1–5 in the inset to Fig. 2), which all run parallel to the long axis of the 
prism. Five sets of dispersion relations for the antiSkyrmion tube and quasiuniform single domain 
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are shown in Figs. 2(a) and 2(b), respectively. Clearly, there are propagating spin waves along the 
square prism, regardless of the assumed static spin configuration. For the antiSkyrmion tube, the 
lines #1–5 display diverse dispersion characters. Going from the periphery to the interior of the 
cross-sectional plane, a low-lying dispersion branch emerges and gradually dominates the original 
branches. However, for the quasiuniform single domain, from lines #1 to #5, the entire set of 
dispersion curves barely change except for some slight fluctuation in the Fourier amplitude. That is, 
new propagating magnon modes can be brought into the prism, when the quasiuniform single 
domain is transformed into the antiSkyrmion tube. These nascent spin waves travel along the inner 
line (#3–5) and exhibit a reduced band gap, similar to propagating spin waves along domain walls in 
a magnonic fiber waveguide (9). 
  To uncover the nature of excitations in the prism, we show the mode propagation patterns for 
excitations at chosen frequencies; some of them are shown in Fig. 3. In each panel, we represent the 
Fourier amplitude and phase profiles of excitations on three rectangular cut-planes (x = w/2; y = w/2; 
y = x) and three cross-sectional planes (z = l/4, l/2, 3l/4), to resolve the mode structure. 
Figures 3(a) and 3(b) depict the magnon mode patterns, at 19.76 GHz, for the antiSkyrmion tube 
and quasiuniform single domain, respectively. For the former, the Fourier amplitude profiles on the 
rectangular cut-planes indicate that spin-wave beams are restricted to the interior of the prism and 
surround the antiSkyrmion core line. The pronounced phase accumulation along the z-axis, as shown 
in the Fourier phase profiles, illustrates the propagating character of such excitations along the 
internal channel. Spatial localization of the channel around the antiSkyrmion core is perfectly 
reflected in the amplitude patterns from the cross-sectional planes. The mode patterns on the 
cross-sectional planes are reminiscent of two categories of eigenexcitations of a skyrmion. Actually, 
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the patterns on the cross-sectional planes at z = l/2 and l/4 (3l/4), can be assigned to the rotational 
and breathing modes of a skyrmion, respectively. 
For the quasiuniform single-domain state, the frequency 19.76 GHz falls into the forbidden band; 
therefore, spin waves at this frequency will attenuate immediately in space after emission from the 
excitation region (see Fig. 3(b), the amplitude patterns on the rectangular cut-planes) and form 
chaotic mode patterns on the two off-center cross-sectional planes. Nevertheless, once the excitation 
frequency surpasses a threshold value (~32 GHz), such edge spin waves can escape from the magnon 
injection region and freely travel along the prism. Fig. 3(d) shows the mode patterns above the 
quasiuniform single-domain state for the spin waves at 34.58 GHz, at which the spin-wave 
wavelength almost occupies the entire length of the prism. The beating patterns on the 
cross-sectional planes reveal the mode structure of the edge spin waves. 
For the antiSkyrmion tube, continued increase of the excitation frequency will lead to spin waves 
of shorter wavelengths [c.f. Figs. 3(a), 3(c), S2(a), and S2(c)], and once the frequency is above the 
threshold value, edge spin waves will be generated in the prism, in tandem with the interior 
spin-wave beams along the internal channel [Figs. 3(c), S2(a), and S2(c)]. The coexisting internal 
and edge spin waves, at the same temporal frequency, have slightly different spatial periods, as 
shown in the phase profiles from the rectangular cut-planes. This is also visible from the dispersion 
relations [see Fig. 2(a), #4]. The Fourier amplitude profiles on the cross-sectional planes [Fig. 3(c)] 
offer an additional proof for the concurrence of edge and internal spin waves. 
Much information can be obtained if one compares those transverse mode patterns at various 
individual frequencies. First, the excitations in the antenna region always have a mode structure 
characteristic of the rotational mode, but after diffusion away from the source, they may retain 
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rotational character [Figs. 3(c), S2(a), and S2(c)] or convert to the breathing mode [Fig. 3(a)]. 
Second, the original rotational mode has two alternative senses of rotation (30): counterclockwise 
(CCW) for some excitation frequencies [Figs. 3(a), 3(c), and S2(c)] and clockwise (CW) for the 
other [Fig. S2(a)]. In the latter case, we observe a structural transition of the rotational mode from 
CW to CCW during its propagation. Third, the original rotational modes always manifest an 
amplitude profile with fourfold symmetry, but when coupled into the channel they could assume a 
twofold symmetry, as shown in Figs. S2(a) and S2(c). 
Now, let us turn to the analysis of the results (Figs. 4, 5, and S3) for the Skyrmion tube and 
quasiuniform single-domain state rendered by the bulk-type DMI. Through a direct comparison, we 
see that the primary findings, for the antiSkyrmion tube and quasiuniform single domain governed 
by the D2d-type DMI, remain valid in the current case. Remarkably, there also exist propagating spin 
waves in the square prism, for both the Skyrmion tube and quasiuniform single domain, and 
additionally, writing an isolated Skyrmion tube into the prism can still give rise to an internal 
spin-wave channel inside the prism. Except for the stated analogies, there are also some critical 
differences between Skyrmion and antiSkyrmion tubes. For instance, internal and edge spin waves, 
for the Skyrmion-tube state, sharply differ in their spectral amplitudes, despite identical excitation 
conditions. As a result, the dim edge mode is hardly visible in the Fourier amplitude maps when the 
bright internal mode predominates. Moreover, throughout the entire frequency range, we do not 
observe the occurrence of rotational modes; the excitation and propagation of breathing modes is 
responsible for the formation of internal channel in the prism bearing a Skyrmion tube. Finally, while 
for the antiSkyrmion tube and quasiuniform single domain under the D2d-type DMI all spin waves 
along the prism are reciprocal, for the Skyrmion tube and quasiuniform single domain under the 
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bulk-type DMI, all spin waves are nonreciprocal (44), as revealed by the dispersion data and 
indicated in the mode patterns. The difference in the reciprocity of spin waves has its origin in the 
different forms of DMI required for stabilizing various types of skyrmions. 
For both types of skyrmion tubes, we use the same excitation field with cylindrical symmetry. 
Then, the unique symmetry of the magnetic background determines the symmetry of the allowed 
eigenmodes. The magnetization configuration in an antiSkyrmion tube breaks the cylindrical 
symmetry and generates a quadrupolar moment of magnetostatic charges (23,45), whereas that in a 
Skyrmion tube preserves the cylindrical symmetry. This structural difference between the Skyrmion 
and antiSkyrmion tubes is the reason why the rotational modes are not activated for the Skyrmion 
tube. Simply lowering the symmetry of the excitation field, e.g., redirecting it along the x-axis, 
would enable the excitation of rotational modes on the Skyrmion tube. 
In the preceding sections, we analyzed the results in the language of eigenmodes of magnetic 
skyrmions (30). Indeed, the energy-well picture (46) may provide a more direct understanding of 
spin-wave channeling along skyrmion tubes. Figure 6 shows the internal-field landscapes for the 
magnetic skyrmions and quasiuniform single domains, suggesting the existence of potential wells. 
For the skyrmion tubes, the energy well surrounds the skyrmion core where an exceedingly high 
energy barrier arises. In contrast, for the quasiuniform single domain, the energy well appears at the 
boundary region. Actually, the internal field of the skyrmion tubes also involves an edge potential 
well, which is nevertheless not resolved in this figure because of a small depth. 
Once excited, an energy well will support localized modes, and then propagate them if the well is 
adequately extended in a certain direction (9). This lays the foundation for guiding spin waves 
through the skyrmion tubes. It can also explain why the internal channels exhibit a much smaller 
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band gap considering the fact that the central potential well is deeper than that at the edge . 
So far, both antiSkyrmion and Skyrmion tubes have not yet been stabilized experimentally without 
applying a perpendicular biasing field. Generally, a skyrmion tube can exist in a range of magnetic 
fields (18-23). Thus, one should investigate how the perpendicular field affects spin waves flowing 
along a skyrmion tube. To this end, we compare the dispersion relations of spin waves for different 
biasing fields. For each type of skyrmion tube, three field values are selected: μ0Hbias = 0.4, 0.5, and 
0.6 T for the antiSkyrmion tube and 0.5, 0.6, and 0.7 T for the Skyrmion tube. If Δfb represents the 
net increase in the bottom frequency fb of a dispersion branch that follows an increase μ0ΔHbias in the 
biasing field, a proportionality factor, η = Δfb / μ0ΔHbias, can be defined for each dispersion branch. 
Figure 7 presents a comparison, from which we can identify several facts. For the antiSkyrmion tube, 
all dispersion curves shift upward along the frequency axis as the bias field increases, i.e., η is 
always positive, and the modes with higher frequencies are more sensitive to variation in the biasing 
field strength. For the Skyrmion tube, however, while the lower-frequency mode shifts upward along 
the frequency axis (η > 0), the higher-frequency mode shifts downward (η < 0). 
We would like to make some additional notes regarding the dispersion maps as well as the 
propagation patterns. Turning back to Figs. 2 and 4, we are aware that each panel in these figures 
contains multiple dispersion branches, implying that, for both the internal and edge channels, not 
only the lowest-order (fundamental) mode is excited by the excitation field, but also the higher 
modes are excited, causing the copropagation of multimodes with different order numbers (47). 
These coexisting multiple modes superpose and interfere with each other, which is the reason why 
periodic amplitude modulation frequently happens to the propagation patterns (47). Identification of 
the order number and mode structure of each mode requires elaborate data-fitting work (48) and is 
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beyond the scope of the current study. 
  Moreover, the propagation patterns for the Skyrmion tube look cleaner than that for the 
antiSkyrmion tube. This might be ascribed to the sharp contrast between the amplitudes of the edge 
and internal spin waves with the Skyrmion tube, and the fact that, for the Skyrmion tube, excitation 
of the rotational modes is prohibited and only the breathing mode is permitted suppressing the 
number of allowed modes. 
  Because of the decreased symmetry of the magnetization distribution, the antiSkyrmion tube 
exhibits more complex mode excitations compared to the Skyrmion tube, which makes it more 
difficult to understand the behavior of spin waves in the antiSkyrmion tube, in particular the 
mechanism for the demonstrated mode conversion. More systematic investigations are needed to 
elucidate the full detail. In particular, other forms of excitation fields with distinctive symmetries 
should be employed to activate more available modes. In spite of the absorptive boundary condition, 
the spin-wave propagation patterns exhibit the character of standing waves, complicating the analysis 
of mode structures. In this process, part of the spin-wave energy is reflected back from the physical 
boundary and interferes with the forward-propagating spin waves. Usage of an extremely long prism 
can suppress this reflection effect but will sharply increase the computation time. In simulations of 
the Skyrmion tube, we did not change the material parameters from those used for the antiSkyrmion 
tube, apart from changing the Lifshitz invariant (34,35) to yield a bulk-type DMI. Consequently, the 
material parameters (23) used for the Skyrmion tube are not representative of typical materials in 
which Skyrmions are commonly found. This fact does not restrict the validity of the relevant results, 
because the qualitative aspect rather than the numeric precision of the findings is at the core of the 
present work exploiting the feasibility of channeling spin waves through skyrmion tubes. 
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  Up to now, magnetic Skyrmions have been observed experimentally in various material systems 
including the B20 alloys (18), multiferroic Cu2OSeO3 (19), β-Mn-type Co-Zn-Mn alloys (20), polar 
magnets GaV4S8 (21) and VOSe2O5 (22), as well as ultrathin magnetic multilayers (25,26), whereas 
only the inverse-Heusler alloys Mn-Pt-Sn have been experimentally identified as a host of magnetic 
antiSkyrmions (23). Magnetic multilayers are not expected to support Skyrmion tubes that allow the 
propagation of coherent spin waves. FeGe and Co-Zn-Mn alloys allow the formation of Skyrmions 
above room temperature at lower fields (20) than that for the other aforementioned materials; the 
spectroscopy of propagating spin waves in these alloys has recently been used to infer the relevant 
DMI (49). AntiSkyrmions were first observed near room temperature in an inverse-Heusler 
Mn-Pt-Sn compound, a member of the Heusler family (50) that usually combines high spin 
polarization and a high Curie temperature with low Gilbert damping. In fact, spin-wave transport in 
such alloys has been investigated for about ten years (51). Therefore, among the materials listed 
above, the Mn-Pt-Sn and Co-Zn-Mn alloys seem best suited for near-term experimental 
implementation and long-term technological applications of magnonic waveguides based on 
skyrmion tubes. 
  Using skyrmion tubes to guide spin waves permits constructing multichannel magnonic 
waveguides from an extended magnetic sample in which skyrmion tubes can occur as an array or a 
lattice. Such a waveguide no longer requires patterning a sample into restricted geometry which 
greatly simplifies the fabrication procedure. Interestingly, directional emission of spin waves (52) in 
a bulk sample from a point source will be possible if magnetic bobbers (53) were utilized as 
magnonic waveguides. Intriguingly, a magnonic multiplexer (13,54) can even be realized in a bulk 
crystal of chiral magnets that contains a merging pair of Skyrmion tubes (55) wherein a spin-wave 
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beam will split into two separate beams at the point of coalescence. 
Vertical stacking of strip-shaped magnonic waveguides can yield nonplanar magnonic devices, 
which take advantage of the third dimension to save the chip area and thus would be desirable in 
practical applications. In such a stack structure, efficient signal delivery though the junction to all the 
involved planar elements and communication between any two elements are not easily attainable and 
anticipated to be fulfilled by magnetizing the entire stack into the out-of-plane direction and then 
injecting a skyrmion tube into the junction. Here, the introduction of the skyrmion tube, as a signal 
bus, is expected to enhance the transmission of spin waves. 
  The skyrmion-based magnonic waveguides share some analogies with their domain wall-based 
counterparts (8-13): Both of them originate from the coherent propagation of locally excited 
eigenmodes and are confined to the potential well associated with the static spin configuration. 
However, spin-wave beams inside them show striking difference: the beams along domain walls are 
“solid” and tied to the surface of the magnetic layer; those beams along skyrmion tubes are “hollow” 
and remote from the surface of the magnetic prism. Thus, it would be more challenging to detect the 
internal spin waves in the skyrmion-based magnonic waveguides. 
In summary, we demonstrate through micromagnetic simulations that Skyrmion and antiSkyrmion 
tubes can function as nonplanar magnonic waveguides. This theoretical proposal of a novel type of 
spin-wave channeling mechanism, enables the creation of nanometer-scale spin-wave beams in 
extended chiral magnets without requiring hard structuring, and opens an alternative route toward 
nonplanar 3D magnonic devices. 
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FIGURE CAPTIONS 
FIG. 1 Equilibrium configurations of magnetization in a square prism and the excitation field 
distribution. (a) AntiSkyrmion tube and (b) quasiuniform single domain, formed in the prism, with 
D2d-type DMI. (c) Skyrmion tube and (d) quasiuniform single domain, in the prism, with bulk-type 
DMI. (e) Spatial profile of the excitation field on the middle cross-sectional plane of the prism. 
FIG. 2 Magnon dispersion along various lines in the prism. The static spin configurations in (a) and 
(b) are antiSkyrmion tube and quasiuniform single domain, respectively. All the lines 1–5 are parallel 
to the long axis (z-axis) of the prism and intersect the cross-sectional plane (xy-plane) at points 1–5, 
respectively, as denoted in the inset. 
FIG. 3 Magnon propagation patterns and mode profiles in the prism. Both Fourier amplitude and 
phase components of mz are shown in each of (a)–(d). The propagation patterns are along the 
rectangular cut-planes at y = x, x = w/2, and y = w/2, while the mode profiles are from the 
cross-sectional planes at z = l/4, z = l/2, and z = 3l/4. [(a) and (c)] AntiSkyrmion-tube and [(b) and (d)] 
quasiuniform single-domain states are assumed as the magnetic background. The magnon 
frequencies are 19.76 GHz [(a) and (b)] and 34.58 GHz [(c) and (d)], respectively. 
FIG. 4 Magnon dispersion along various lines in the prism. The static spin configurations in (a) and 
(b) are Skyrmion tube and quasiuniform single domain, respectively. All the lines 1–5 are parallel to 
the long axis (z-axis) of the prism and intersect the cross-sectional plane (xy-plane) at points 1–5, 
respectively, as denoted in the inset. 
FIG. 5 Magnon propagation patterns and mode profiles in the prism. Both Fourier amplitude and 
phase components of mz are shown in each of (a)–(d). The propagation patterns are along the 
rectangular cut-planes at y = x, x = w/2, and y = w/2, while the mode profiles are from the 
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cross-sectional planes at z = l/4, z = l/2, and z = 3l/4. [(a) and (c)] Skyrmion-tube and [(b) and (d)] 
quasiuniform single-domain states are assumed as the magnetic background. The magnon 
frequencies are 10.87 GHz [(a) and (b)] and 50.39 GHz [(c) and (d)], respectively. 
FIG. 6 Distribution of internal magnetic field over the cross-sectional plane of the prism. 
AntiSkyrmion-tube and quasiuniform single-domain states, with D2d-type DMI, are assumed as the 
magnetic background in (a) and (b), respectively. Skyrmion-tube and quasiuniform single-domain 
states, with bulk-type DMI, are assumed as the magnetic background in (c) and (d), respectively. 
FIG. 7 Magnetic field control of the magnon dispersion in the square prism. [(a) and (b)] 
AntiSkyrmion tube and [(c) and (d)] Skyrmion tube are assumed as the magnetic background, 
respectively. From column #1 to #3, the magnetic field Hbias is increased, as denoted in each panel. 
Magnon dispersion along the propagation routes line 1 [(a) and (c)] and line 4 [(b) and (d)] are 
considered. 
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FIG. S1 A thin toroidal antenna that can creates the excitation field with a radial shape 
as shown in Fig. 1(e). 
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FIG. S2 Magnon propagation patterns and mode profiles in the prism. Both Fourier 
amplitude and phase components of mz are shown in each of (a)–(d). The propagation 
patterns are along the rectangular cut-planes at y = x, x = w/2, and y = w/2, while the 
mode profiles are from the cross-sectional planes at z = l/4, z = l/2, and z = 3l/4. [(a) 
and (c)] AntiSkyrmion-tube and [(b) and (d)] quasiuniform single-domain states are 
assumed as the magnetic background. The magnon frequencies are 50.39 GHz [(a) 
and (b)] and 119.54 GHz [(c) and (d)], respectively. 
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FIG. S3 Magnon propagation patterns and mode profiles in the prism. Both Fourier 
amplitude and phase components of mz are shown in each of (a)–(d). The propagation 
patterns are along the rectangular cut-planes at y = x, x = w/2, and y = w/2, while the 
mode profiles are from the cross-sectional planes at z = l/4, z = l/2, and z = 3l/4. [(a) 
and (c)] Skyrmion-tube and [(b) and (d)] quasiuniform single-domain states are 
assumed as the magnetic background. The magnon frequencies are 19.76 GHz [(a) 
and (b)] and 119.54 GHz [(c) and (d)], respectively. 
 
 
 
